(MATHEMATICS) TRIGONOMETRIC EQUATION 


1. TRIGONOMETRIC EQUATION: 
An equation involving one or more trigonometrical ratios of unknown angles is called a 
trigonometrical equation. 

2. SOLUTION OF TRIGONOMETRIC EQUATION: 
A value of the unknown angle which satisfies the given equation is called a solution of the 
trigonometric equation. 


(a) 
(b) 


(c) 


Principal solution: The solution of the trigonometric equation lying in the interval 
(0, 27) 

General solution: Since all the trigonometric functions are many one & periodic, hence 
there are infinite values of Ө for which trigonometric functions have the same value. 
АП such possible values of 0 for which the given trigonometric function is satisfied is given 
by a general formula. Such a general formula is called general solution of trigonometric 
equation. 

Particular solution: The solution of the trigonometric equation lying in the given 
interval. 


3. GENERAL SOLUTIONS OF SOME TRIGONOMETRIC EQUATIONS (TO BE REMEMBERED): 


(а) 11911 0 = 0, ћеп Ө = (171, 11 Є I (set of integers) 
(b) 11 0050 = 0, then 0 =(2п+1)-,пє1 
(с) If (24110 = 0, then 0 = пт, п E I 
(d) If 51110 = sin a, then Ө = nr + (—1)"a, where a € [2.2] nel 
(e) If cosó = cosa, then Ө = 2 пт + a,n E l,a Є [0,1] 
(f) 1/ (21010 = tan а, then Ө = nt + œn € La € (7,2) 
(g) If sind = 1, then 0 = 207 += = (4n + 1)7,n €l 
(1) If ල050 = 1, then Ө = 2пт,пєЄ[ 
(1) If sin?0 = sin?a or cos?0 = cos?a or tan?0 = tan?a, then Ө = nr + о, п ල ] 
(j) Forn Є Isin nt = 0 and cos nt = (—-1)",neI 
sin (пт + Ө) = (—1)" sin Ө cos (пт + Ө) = (—1)?cos Ө 
(k) 005 пт = (—1)", п E 1 11 1] is ап odd integer, then sin = = CDF, cos = =0, 
п-1 
5111 (= F ө) = (—1) E (050 
СО$ (= F ө) = (—1) 2 91110 
Illustration 1: Find the set of values of x for which B —1 
Solution : We have rm mt = 1 > ќаһ(3х – 2х) = 1 > tanx = 1 


> tanx = tanz ә х= пп +, п Є 1 {using ап 0 = tana е 0 = nu + aj 


But for this value of x, tan 2x is not defined. Hence the solution set for x is ф.Апѕ. 


Do yourself-1: 
(i) Find general solutions of the following equations: 


(a)sin 0 — 5 (b) cos (2) = 0 
(d) cos? 20 = 1 (е) V3sec 20 = 2 
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4. IMPORTANT POINTS TO BE REMEMBERED WHILE SOLVING TRIGONOMETRIC 
EQUATIONS: 
(a) For equations ofthe type sin Ө = k or cos Ө = К, one must check that |k| < 1. 
(b) Avoid squaring the equations, if possible, because it may lead to extraneous solutions. 
Reject extra solutions if they do not satisfy the given equation. 
(c) Do not cancel the common variable factor from the two sides of the equations which are 
in a product because we may loose some solutions. 
(d) The answer should not contain such values of 0, which make any of the terms undefined 
or infinite. 
(i) Check that denominator is not zero at any stage while solving equations. 
(ii) Кап Өогѕес Ө is involved in the equations, Ө should not be odd multiple of 2 
(iii) Ifcot 0 orcosec Ө is involved in the equation, Ө should not be multiple of m or 0. 
5. DIFFERENT STRATEGIES FOR SOLVING TRIGONOMETRIC EQUATIONS: 
(a) Solving trigonometric equations by factorization. 
e.g. (2sin x — cos x)(1 + cos x) = sin? x 
2. (2sin x — cos х)(1 + cos x) — (1 — cos? x) = 0 
෴ (1 + cos х)(25іп x cos x – 1 + cos x) = 0... (1 + cos х)(25іп x—1) = 0 
> cos х = —1 orsin x-l2 cos х= —1 = cos т=х=2пт+т = (2n + )т,пЄ1 
ог sin x == sin t х= Кт + 95 I Ans. 
Illustration 2: If ^ sin 0,cos 0 and tan 0 are in G.P. then the general solution for 0 is- 
(A) 2пт + = (В) 2пт + = (С) пт + = (D) none of these 
Solution: Since, -sin Ө, соѕ Ө, сап Ө are in С.Р. > cos?0 = = 91110 -tan0 > 6cos?0 + со520 – 1 = 0 
2 (2cos 0 — 1)(3cos? 0 + 2соѕ 0-1) = 0 
> cos0 = 5 (other values of cos 0 are imaginary) 
කං cos Ө = cos => Ө = 207 4: 2, ॥ € I. Ans. 
(b) Solving of trigonometric equation by reducing it to a quadratic equation. 
e.g. 6 — 10cosx — 3sin?x 
26 — 10соѕх = 3 — 3cos?x > 3cos?x — 10cos x +3 = 0 
> (3cos x — 1)(cos x — 3) = 0 2 cos х=- orcosx=3 
Since cos x = 3 is not possible as — 1 < cos x < 1 


1 _14 1 a 1 
^ COS X = = = COS (cos 1 +) > х = 2пт + cos z (3).n € Ans. 
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Illustration 3: Solve sin? 0 — cos 0 — E for Ө and write the values of іп the interval 0 < 0 < 27. 
Solution: The given equation can be written as 1 — cos?0 — соѕ0 = я => cos?0 + cos0 — 3/4 = 0 
=> 4с0520 + 4cos0 — 3 = 0 > (2cos0 — 1)(2cos0 + 3) = 0 > соѕ0 = 5, –5 


Since, cos0 = —3/2 is not possible as —1 € cos0 < 1 


1 TU TU 
-. cosO = > > cos0 = cos 38 -2nrt-,nel 


| | 5 
For the given interval, n = 0 and n = 1. > Ө = =, Ans. 
Illustration 4: Find the number of solutions of tan x + secx = 2cosx in | 0,271]. 
Solution: Неге, tan х + sec x = 2соѕх > sin x + 1 = 2 cos?x > 2sin?x + sinx – 1 = 0 
| 1 | 3 | | | 
> sin xX = т —1 But sin х= 1 әх = T for which tan x + sec x = 2cos x is not defined. 


ෂු 1 Tm 5T : E 
Thus sin х = 7 > х = T pm > number of solutions of tan x + sec x = 2cos xis 2. Ans. 


Illustration 5: Solve the equation 5sin? x — 7sin xcos x + 16cos? x = 4 
Solution: To solve this equation we use the fundamental formula of trigonometric identities, 
sin? x + cos? x = 1 writing the equation in the form. 
5 sin? x — 7sin x: cos x + 16cos? x = 4(sin?x + cos?x) 
> sin?x — 7sinx cos х + 12 cos?x = 0 
dividing by cos? x on both side we get, tan?x — 7tanx + 12 = 0 
Now it can be factorized as : (tan x — 3)(tanx — 4) = 0 > tan x = 3,4 
ie. tanx = tan (tan 13) or tan x = tan (tan 14) 
х = пп + ап! 3orx = пп + tan ! 4,neLAns. 
Illustration 6: If x + =, n € I and (cos x)5in^x-3sinx*? — 1 then find the general solutions of x. 
Solution: Asx + = > cosx z 0,1, —1 So, (cos 0051012163 51:17:42 — 1 
> sin? x 3910] x - 2-0 
2 (sinx – 2)(5іпх – 1) = 0 2 smx = 1, 2 where sin x = 2 is not possible and 
sin x = 1 which is also not possible as x + Е: -. no general solution is possible. Ans. 


Illustration 7: Solve the equation sinf x + cos*x = 7sin X: COSX 

Solution: sinf x + cosł x = 7sin X: cos X > (sin? x + cos? x)? — 2 sin? x cos? x = "sin X © COSX 
э1— 2 (ein 2x)? = 7 in 2x) 2 2sin? 2х + 75іп 2x— 4 = 0 
> (2 sin 2х — 1) (9111 2х + 4) = 0 > sin 2х =- or sin 2x = —4 
(which is not possible) 2 2x = пп + (э cn EI 


ie.x = 11 + (-1} ॥ ළ ] Ans. 
2 12 
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Do yourself-2: 


i Solve the following equations: 
පි 60 
(а) 3sin x + 2cos? x = 0 (b) sec? 2a = 1 — tan 2a 
(с) 7cos? 0 + 3sin? Ө = 4 (d) 4cos Ө — 3sec Ө = tan Ө 
ii Solve the equation: 2sin? Ө + sin? 20 = 2 for 0 € (—1,1). 
q 
(c) Solving trigonometric equations by introducing an auxiliary argument. 


Illustration 8: Find the number of distinct solutions of 


Solution: Неге, sec x + tan x = V3 


Consider, asin Ө + bcos = с .......... (1) 


а b 
. —— 61021 ————cos 0 = ———— 
va? + b? va? + 02 va? + b? 
equation (i) has a solution only if |c| € va? + b? 


a tum b mE 2a e b 
let නන — cos ආ, qug in ф&ф = tan F 
by introducing this auxiliary argument ф, equation (i) reduces to 


sin (0 + ආ) = TE Now this equation can be solved easily. 


sec x + tan x = V3, where 0 € x < 3m. 


කං 1 + sin х = y3cos xor V3cos x — sin x = 1 
dividing both sides by Va? + b? i.e. V4 = 2 we get 


ҮЗ d 1 T NES. 1 
=> -——cosx-—-sinx---cos-cosx- sin -sin x=- ක 
2 2 2 6 6 2 


COS (х+2) => 
6 2 


А50<х<3т 


"y E. "n n T 51 7m T Зп 137 
-$ cab -> — = — — — > у _-__ 
e ӨЧ io "6 13'3 NYS б 
Butatx = ~~ tan x and sec x is not defined ~. Total number of solutions are 2.Ans. 


Illustration 9: Prove that the equation kcos x — 3sin x = К + 1 possess a solution iff k € (—oo, 4]. 


: k 3 k+1 
Solution: Here, k cosx — 3sinx = k + 1, could be re-written as: ෂ්‌ TT TT 
k+1 k+1 
or cos (x + ආ) = JE where tando = = which possess a solution only if —1 € < 


k?4-9 
К+1 


ук2+9 


> The interval of k for which the equation (kcos x — 3sin x = k + 1) 


i.e, | 54 1.6. (К 1? <k? +9 ie k^ + 2+1 k? K9ork «4 


has a solution is (—oo, 4]. Ans. 


APNI KAKSHA 41] 4 


(MATHEMATICS) TRIGONOMETRIC EQUATION 


Do yourself - 3: 

(i) Solve the following equations: 
(a) sin x + V2 = cos x. (b соѕес Ө = 1 + cot Ө 

(d) Solving trigonometric equations by transforming sum of trigonometric functions into 
product. 


e.g. cos Зх + sin 2x — sin 4x = 0 


cos Зх ~~ 29111 xcos Зх = 0 > (cos 3x)(1 — Zsin x) = 0 > cos Зх = 0 or sin x = 5 


— cos Зх = 0 = cos = sin х= ඨ = sin = 

э Зх = 2111 +7 х = тп + (—1)" Z; (n,m € 1) > x = =" + 7 Ans. 
Illustration 10: Solve: cos Ө + cos 30 + cos 50 + cos 70 = 0 
Solution: We have cos Ө + cos 70 + cos 30 + cos 50 = 0 


=> 2cos 40соѕ 30 + 2cos 40соѕ 0 = 0 
කං cos 40(соѕ 30 + cos Ө) = 0 > cos 40(2cos 20соѕ Ө) = 0 
Either cos 0 = 02 Ө = (2n, + 1)1/2,n, EI 
or cos 20202 Ө = (2n; + 1) 5, п EI 
or cos 4.0 = 0> 0 = (2n; + 0 Є І Ans. 
(e) Solving trigonometric equations by transforming a product into sum. 
e.g. sin 5х · cos Зх = sin 6x- cos 2x 
sin 8x + sin 2x = sin 8x t sin 4x ~. 2sin 2x · cos 2x — sin 2x = 0 


— sin 2x(2cos 2x — 1) = 0 2 sin 2х = 0 or cos 2.-w 


> sin 2x = 0 = sin 0 cos 2x = = cos = 
> 2x 2 пп + (-1) х0, € |] 2x-2mmtz,mel 
ක x-?*anel х= шп, mE] 
Illustration 11: Solve: cos 0cos 20cos 30 — 5 where 0 < Ө <T. 
Solution : = (2cos 0cos 30)cos 20 = — (cos 20 + cos 40)cos 20 = 5 


> = [2cos? 20 + 2cos 40cos 20] = 5 => 1 + cos 40 + 2cos 40соѕ 20 = 1 


> cos 40(1 + 2605 20) = 0 
cos 40 = 0 or (1 + 2соѕ 20) = 0 


Now from the first equation: 2с05 40 = 0 = cos (1/2) 


1 T 
n40 = (п+)тә Ө = (21141) 2,161 
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forn = 0,6 = 2;п = 1,0 = ප -7n-38 =Z (+0 <0 < т) апі 


from the second equation: 


cos 20 — =. = —со (п/3) = cos (rt — 1/3) = cos (21/3) 


2T т 
2 20 = 20+ ක 0 = К+, kel 


again for k = 0,0 = L.k = 1,0 = eo 0x0zm)-.0- топ Эп эп An AH 
3 3 83 8 8 3 8 
Do yourself-4: 
(i) Solve 4sin Өѕіп 20sin 40 = sin 30 (1) Solve for x: sin x + sin Зх + sin 5х = 0 


(f) Solving equations by a change of variable: 


(i) Equations of the form P(sin x + cos x, sin x: cos x) = 0, where Р(у, 2) is a polynomial, 
can be solved by the substitution: cos x + sin x =t 2 1 + 25іп x: cos x = t? 
Illustration 12: Solve: sin x + cos x = 1 + sin x: cos x. 
Solution : put sin x + cos x = t 2 sin? x + cos? x + 2sinx: cosx = t? 
| , | £ 4. 
> 2sin xcos x = t? — 1 (~ sin? x + cos? x = 1) > sin xcos x = z 
Substituting above result in given equation, we get: 
2 _ 
ї=1+ 5 20=12 +1512 21+1= 0 
ක ((--1)2-5-0 ක 1 > sin x+cos x= 1 
Dividing both sides by 2/ 12 + 12 i.e. V2. we get 
lo " 1 1 T P .T 1 
> — sin x — cos x = — > cos xcos — + sin x: sin — = — 
ү2 v2 v2 4 4 v2 
ක cos ( =) cos 59 = 2n Ат 
х——)= —=х—-к=2пт + — 
4 4 4 4 
> х = 20погх = 2117: +7 = (4п + Dm Є І Ans. 
(ii) X Equations ofthe form of a sin x + bcos x + d = 0, where a, b & d are real numbers сап 
be solved by changing sin x&cos x into their corresponding tangent of half the angle. 
Illustration 13 : Solve:3cos x + 4sin x = 5 
T 1-tan? x/2 2tanx/2 V _ 3-3tan?? 80312 _ 
Solution : = (s 2) (ms 73 = 1-tan? 5 1+tan? 5 = 


> 3 — 3tan? = + 80311 > = 5 + 5tan? ы 8tan? ;-8tan242-0 


2 
> 4tan? *— 4tan Ž+ 1 = 0 > (2tan *—1) = 0 
2 2 2 


> 2tan (2) —1=0 > tan Ž = 1 = tan (тап! 3 
2 2 2 2 


>*= пт + апт! (С) пете x = гат + 2tan7! (5), п € 1Апз. 
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(g) Solving trigonometric equations with the use of the boundness ofthe functions 


involved. 
Illustration 14: Solve the equation (sin x + cos х)!+% 2* = 2 when0 E x < п 
Solution : We know, —va? + b? € asin Ө + bcos Ө < va? + b? and —1 < sin Ө < 1. 


2 (sin x + cos x) admits the maximum value as V2 and (1 + sin 2x) admits the 
maximum value as 2. Also (V2)? = 2. 

г. the equation could hold only when, sin x + cos x = v2 and 1 + sin 2x = 2 
Now, sin x + cos х= ү2 

> cos (x- 2) = 15 x-2nr4 n/4n €1 — ' (i) 

and 1 + sin 2x = 22 sin 2х = 1 = 9101 > 

> 2х = m + (-1)"5,тєІә х= Э (-1"- ......... (ii) 

The value of x in | 0, п] satisfying equations (i) and (ii) is x = = 

(when n = 0& т = 0) Ans. 


Note: sin x + cos x = —V2 and 1 + sin 2х = 2 also satisfies but as x > 0, this solution is not in 


domain. 
1 
Illustration 15: Solve for x and y: 26952 x Jy? — y + 1/2 < 1 
1 
Solution: 2cos2 x y2 —у-+1/2<1 MW (i) 
EM 1 2 1 2 
ж [у-у +( =: 


1 2 2 
Minimum value of 2cos x = 2 2 Minimum value of (7 ~~ 3 + (3) -l 


2 
1 
> Minimum value of 2cos? x |y? УА 5 is 15 (i) is possible 


Мена (у 2E + (2). < 1 කං cos? x = 1 andy = 1/2 


> cos х= +1 > х = пт, where n Є I Hence x = пт, п E I and y = 1/2.Ans. 


Illustration 16: The number of solution(s) of 2cos? (3) sin? x 2 x? + Z, 0<х< > is/are- 
(A) 0 (B) 1 (С) infinite (D) none of these 
Solution : Let у = 2cos? С) sin? х= х? + Z > y = (1 + cos x)sin? xandy = x? + Z 


when y = (1 + cos х)ѕіп? x = ( a number < 2)(a number < 1) >y «2 
1 а^ 
and when у = x? += (x - 1) 22253422 


No value of y can be obtained satisfying (i) and (ii), simultaneously 
> No real solution of the equation exists. Ans. 
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Note: If L.H.S. ofthe given trigonometric equation is always less than or equal to k and RHS is always 
greater than k, then no solution exists. If both the sides are equal to k for same value of 0, then 
solution exists and if they are equal for different values of 0, then solution does not exist. 

Do yourself-5 : 


(i) If x? — 4x + 5 —sin y = 0,у € [021)), then - » + Б " 
(A)x-21y-20 (В)х=1,у=т/2 -1 0 1 
(С)х = 2,у = 0 (р) х = 2,у = п/2 


(1) Е5іпх+соѕ х = |y + = у> 0,х E [0, т], then find the least positive value of x satisfying the 


given condition. 

6. TRIGONOMETRIC INEQUALITIES: 
There is no general rule to solve trigonometric in equations and the same rules of algebra are 
valid here. The domain and range of trigonometric functions should be kept in mind. 


Illustration 17: Find the solution set of inequality sin x 172. 
Solution: When sin x — > the two values of x between 0 and 2т are т/6 and 570/6. 


; T ; 1 
From the graph of y = sin x, itis obvious that between 0 and 2т, sin x > > 


for t/6 < x < 5т/6 Hence, sin x > 1/2 ක 2пт+т/6 < x < 2пт+5т/б6б,п eI 


: | 5 
Thus, the required solution set is U (2пт + 2$ 2пт + 51) Ans. 
ne 


Illustration 18: Find the values of a lying between 0 and m for which the inequality: 
tan а > tan? a is valid. 


Solution : We һауе : tan a — tan? a > 0 > tan a(1— tan? о) > 0 
> (tan a)(tan a + 1)(tan a – 1) < 0 So tan a < —1,0 < tan a < 1 


-. Given inequality holds for a € (0, т) U (С, 23 Ans. 


т 
2 4 


Do yourself - 6: 
(i) Find the solution set of the inequality: cos x 2 —1/2. 


(ii) Find the values of x in the interval | 0,217] for which 4sin? x — 8sin x +3 < 0. 


Miscellaneous Illustration: 
Illustration 19: Solve the following equation: tan? Ө + sec? Ө + 3 = 2(V2sec Ө + tan Ө) 


Solution : We have tan? Ө + sec? Ө + 3 = 2y2sec Ө + 2tan Ө 
= tan? Ө — 2tan Ө + sec? Ө — 2/2sec 0-32 0 
> tan? Ө + 1 — 2tan Ө + sec? 0—2V/2sec 0 +2 = 0 
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> (tan Ө — 1)? + (sec – V2)? = 0 2 tan Ө = 1 and sec Ө = V2 
As the periodicity of tan 0 and sec 0 are not same, we get 


Ө = 207+ 2,пЄ1 Ans. 
Illustration 20 : Find the solution set of equation 5(!*lo& cos х) = 5/2. 
Solution : Taking log to base 5 on both sides in given equation : 


(1 + logs cos x):logs 5 = logs (5/2) > log: 5 + log; cos x = log5 5 — logs 2 


> log; cos x = —log; 22 cos x = 1/22 x = 2111: t 1/3,11 ElI Ans. 
Illustration 21: If the set of all values of x in (- 2: z) 
; : ; . (an bm 
satisfying |4sin x + V2| < V6 is (Z, =) 


then find the value of ZI 


Solution : |4sin x + V2| < V6 
=> —J6 < 4sin x + V2 < V6 
=> —\/6 — V2 < 4sin x < V6 — V2 


> SENA « sin E 


х < 


j | b 
Comparing with D «x« E we get, a = —10,b = 2 


a _ к 
3 


—4 Ans. 
| 


Illustration 22: The number of values of x in the interval [0,57] satisfying the equation. 


3sin? x — 7sin x + 2 = 0 is- [JEE 98] 
(A) 0 (B)5 (C) 6 (D) 10 


Solution : 3sin? x —7sin х+2 = 0 
> (3sin x — 1)(sin x —- 2) = 0 
"sinxz2 
> sin x = - = sin a( say) 


where a is the least positive value of 
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1. © (8) 
(с) 
(е) 
2: (i (а) 
(с) 


с හූ e © 


(i) 
0) 
(i) 
(i) 
(i) 


TRIGONOMETRIC EQUATION 


] 1 
xsuchthat sin а = ඉං 


Clearly 0 < a < > We get the solution, 


х= (0, 10 ~- а, 2T + о, Зп ~- a, 4u + a and 5r — a. 
Hence total six values in [0,511] Ans. 


ANSWERS FOR DO YOURSELF 


0 = пт (1% слу е1 (ආ) ө= (2п + 1) nel 


nel (d 6 ~~,0161] 
tlnel (f 022nn4(-1)*'mnel 


х = пт + (ЈИ (0) «= “ога = "+21, КЄ! 


Ө -- 014: 2 2 
3 


nel 


(d) Ө = nr + (—1)?a, where a = sin! (=) orsin ! (223) nel 


T -3N -N п 3T =) 
3. 7 


(3) х= 211% ~~ =,пЄ1 (0) 21111: 4, 111 € 1] 
0 = 111: 016 = ~~ +; 11,111 1] (11) х= "7, пЄ1апікт + 2, КЄ1 
р (i) x=% 
2T 2T " T бт 
д [2пт ~ 21111 +7] (11) m 
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EXERCISE 1 
1. The number of solutions of the equation sin 2x — 2cos x + 4sin x = 4 in the interval | 0, 5m] is- 
(A) 6 (B)4 (C) 3 (D) 5 
2. Let A = (0:sin (Ө) = tan (0)) and В = (0:cos (Ө) = 1) be two sets. Then - 
(А)А = B (0) Ас Вапав --А 2 ආ 
(C)Ac B (DBcA 
3. The complete solution set of the inequality tan? x — 2V/2tan x + 1 < 015 - 
(А)пт+^ х < T4 nnnel (В)пт+7<х<-=+пт,п є1 
(nr х 1 + птпЄ1 (D пп+ < х < T +n nel 
4. The general solution of the equation tan? а + 2V3tan a = 1 is given by- 
(А) a = ~~ ( € 1) (B)a = (21 + 1) 2 (1 EI) 
(C) a = (6а + 1) ~ (n € I) (D)a = (nel) 
5. If 2tan? 0 — sec? 0, then the general solution of 0 - 
(А) 14 2 (0 € 1) (Bnm-2(neD (С) 14: 2 (0 € 1) (р) 204: ~ (7 € 1) 
6, Number of principal solution(s) of the equation 4.16511 x = 26517 x js 
(A) 1 (0) 2 (0) 3 (1) 4 
7. The general solution of equation 4cos? x + 6sin? x = 5 15- 
(A)x 2 nr 4: ~ (0 € 1) (В) х= 011: 4: ~ (1 € 1) 
(С)х=пт + A (n € I) (D) None of these 
8. If tan Ө + tan 40 + tan 70 = tan Otan 40tan 70,then Ө = 
(А) 2 (B) = (C) = (D) пт 


wheren € I, Ө + (2n + 1) 2, 0 € (2n + 1) 5,0 = (2n + 1) = 


9, seos - = 3, then the general solution of 0 is- 
(A) 2nr + 1/6 (B) пт + 1/6 (С) 2пт + 1/3 (D) nt + 1/3 
wheren €I 


10.  Thenumber of solutions of the equation 2с05 С) = 3* + 3^* is- 


(A) 1 (B)2 (C) 3 (D) None 
11. The number of real solutions of the equation sin (ех) = 5* + 5^* is- 

(A) 0 (B) 1 (C) 2 (D) infinitely many 
12. Ifx€ |- T ‚ then the greatest positive solution of 1 + sin^ x = cos? 3x is- 

(А) т (В) 2т (С) 2 (D) none of these 


13.  Thegeneral value of 0 satisfying sin? Ө + sin Ө = 2 is- 
(A) пт + (-1)^7 (В) 207 + 2 (С) пт + (-1)"5 (0) пт + (1) 


14. The number of solutions of the equation tan? x — sect? x + 1 = 0 in (0,10) is- 
(A) 3 (B) 6 (C) 10 (D) 11 
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15. The solution set of (5 + 4cos 0)(2cos Ө + 1) = 0 in the interval [0,21] is 


T 21 т 2T 4T 2T 5T 

2) (5) (5,1) OER DES) 
16. The equation sin xcos x = 2 has : 

(A) one solution (B) two solutions (C) infinite solutions (D) no solution 
17.  Iftan? 0 — (1 + V3)tan Ө + УЗ = 0, then the general value of 0 is : 

(A) пп +, пт + 5 (В) пп – ~~, nr + Ž 

4 3 4 3 
(C) пт + 2, пт – 2 (D) пт ~~ 2, пт ~~ Zwheren € I 


18. 110 <х<3т,0 < у < 311 апа cos х. ѕіп у = 1, then the possible number of values ofthe 
ordered pair (x, y) is - 


(A) 6 (B) 12 (С) 8 (D) 15 
19. je. — 0, then the general value of 0 is 
1-tan Otan 20 Y m "€ 
(A)nmnelI (B)—;n€l (C) — (D)—;n€I 
wheren €I 


20. Тһе most general values of x for which sin x + cos x = min4eg(1, a? — 4a + 6] is given by 
(A) 2nn (В) 20% += 
ТЕ 


(C) пт + GU =, (D) None of these wheren € I 
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EXERCISE 2 (JM) 


1. The number of values of x in the interval [0,311] satisfying the equation 
2sin? x + 5sin x — 3 = 0 is- [AIEEE 2006] 
(1)6 (2)1 (3)2 (4) 4 

2. 1[ 0 «x«i, andcos x + sin х= 5 then tan x is- [AIEEE 2006] 
(1) (4 - 7/3 (2-(4-*V7/3 (3) (1+ :/7)/4 (4) à ~ V7)/4 

3. Let A and B denote the statements 


A:cos а + cos В + cos y = 0, B: sina + sin В + sin ү = 0 


If cos (B — y) + cos (y — a) + cos (a — В) = ~~ 2 then - [AIEEE 2009] 
(1) Both A and B are true (2) Both A and B are false 
(3) A is true and B is false (4) A is false and B is true 
4. The possible values of Ө € (0, m) such that sin (Ө) + sin (40) + sin (70) = 0 are[AIEEE 2011] 
1) 22 7 m m 3m 9m m Sm m 2m 3m 9m 
(1)5 3" 972 4*9 Ор РУ PEE 
2т T T 2т 3T З5т 2T T T 21 3T 8T 
B) 3 и” зе 49 
5. If 0 € x < 2r, then the number of real values of x, which satisfy the equation 
COS X + cos 2x + cos Зх + cos 4х = 0, is:- [JEE(Main) 2016] 
(1)9 (2) 3 (3)5 (4)7 
6. If 5(tan? x — cos? x) = 2cos 2х + 9, then the value of cos 4x is: [JEE (Main)-2017] 
7 3 1 2 
(1) -53 (2) – = (3) - [4 
7. If sum of all the solutions of the equation 8cos x- (cos (2 + х) СО$ (: ~~ х) ~~ 3 = 1in [0, т] is 
Кт, then k is equal to [JEE (Main)-2018] 
20 2 13 8 
(1) 7 (2) = (3) = (4); 
8. All the pairs (x, y) that satisfy the inequality 2vsin? x — 2 sin x + 5 1. т < 1 also satisfy the 
equation: [JEE (Main)-2019] 
(A) 2|sinx| 2 3siny (B) 2sinx = siny 
(C) sinx 2 2siny (D) sinx = [sin y| 
9. If a and В are the roots of equation (К + 1)tan? x — V2Atan x = 1 — k and tan? (а + В) = 50. 
Find value of A. [JEE (Main)-2020] 
(A) 10 (B) 5 (0) 7 (D) 12 


10. The number of solutions of the equation 3210n? x + 32sec? x — 81,0 <х< ris: 


[JEE (Main)-2021] 


(4) 3 (B)1 (C) 0 (D)2 
11. The number of solutions of |cos x| = sin x, such that —41 < x < 41r is: [JEE (Main)-2022] 
(A) 4 (B) 6 (C) 8 (D) 12 


12.  Ifmandnrespectively are the numbers of positive and negative value of 0 in the interval 


; : 6 90 ; 
[7 п] that satisfy the equation cos 20cos 2 = 605 30cos P then mn is equal to 


APNI KAKSHA | 13 


(MATHEMATICS) TRIGONOMETRIC EQUATION 


10. 


11. 


EXERCISE 3 (JA) 


The number of integral values of К for which the equation 7cos x + 5sin x = 2k + 1 has a 


solution is [JEE 2002 (Screening), 3] 

(A) 4 (B)8 (C) 10 (D) 12 

cos (a — В) = 1and cos (a + B) = 1/e, where a, p € [-т, т], numbers of pairs of a, В which 
satisfy both the equations is [JEE 2005 (Screening)] 
(A) 0 (B)1 (C) 2 (D) 4 


If 0 < 0 < 2m, then the intervals of values of Ө for which 2sin? Ө — 5sin Ө +2 > 0, is 
[JEE-2006, 3] 


т 5т. T 5T т T 5T 41T 
(л) (05) v (527) (в (2.77) ( (0) (т) mmm) 
The number of solutions of the pair of equations [JEE 2007, 3] 
2sin? Ө — cos 20 = 0 
2cos? Ө – Зѕіп Ө = 0 
in the interval [0,21] is 
(A) zero (B) one (C) two (D) four 

TU 


The number of values of 0 in the interval (2.2) such that Ө = BÉ forn = 0, +1, +2 


апа tan Ө = cot 50 as well as sin 20 = cos 40, is [JEE 2010, 3] 
The positive integer value of n > 3 satisfying the equation [JEE 2011, 4] 
1 1 1 à 
T is 


TOTO MET 
Let Ө, ආ € [0,211] be such that 2 cos Ө(1 — sin ф) = sin? Ө (tan? + cot 2) cos Фф — 1, 


tan(2r — 0) > 0 and -1 < sin0 < — = Then ආ cannot satisfy - 


(A)0« 9 «Z (В) 2<ф< 2 (ෆ්‍රී ආද (0) 1<ф<2п. 

For x Є (0, п), the equation sin х + 2sin 2x — sin Зх = 3 Һаѕ  [JEE(Advanced)-2014, 3(-1)] 
(A) infinitely many solutions (B) three solutions 

(C) one solution (D) no solution 


The number of distinct solutions of equation "cos? 2x + cos* x + sinf x + cos? x + sinf x 

— 2inthe interval [0,211] is [JEE 2015, 4M,-0M] 
Let a, b, c be three non-zero real numbers such that the equation 

J3acos x + 2bsin x = c, x € [- 293 has two distinct real roots a and В with a + В = ч Тһеп, 


the value 2 is........ ЈЕЕ (Advanced)-2018, 3(0), P- 1] 


Answer the following appropriately matching the list based on the information given in the 
paragraph. 

Let f(x) = sin (rtcos x) and g(x) = cos (Z2msin x) be two functions defined for x > 0. Define the 
following sets whose elements are written in the increasing order. 
Х = {х: (х) = 0), Ү= {х: (х) = 0} 

Z = {х:е(х) = 0}, М = ආල 6' (х) = 0} 
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List I contains the sets X, Y, Z and W. List II contains some information regarding these sets. 


ListI List II 

(I) X (P) 2 (5, 5, дт, 7n] 

(11) Y (Q) an aime progression 

(111) Z (R) NOT an arithmetic progression 
T 71 1311 

mw Gai 


2 (т) 
vfz) 
Which of the following is the only CORRECT combination ? 
(A) (1), (Q), (U) 
(B) (11), (0), (T) 
(C) (1), (P), (R) 
(D) (11), (R), (5) 


12. Consider the following lists: 


List - I List - II 

(Т) {х Е |-> zm UE :соѕ X + sin х= 1} (P) has two elements 
(1I) {х € ළැ | : УЗїап 3x = 1] (Q) has three elements 
(111) {х € [-5 E Pi 2cos (2x) — v3} (R) has four elements 
(IV) {х € [-5 m 7*|:sin x cos x = 1] (S) has five elements 


(T) has six elements 
The correct option is: [JEE (Advanced)-2022] 


(A) 0 > (P); (II) > (S); (III) > (Р); (IV) > (S) 
(B) (I) > (Р); (II) > (P); (III) > (T); (IV) > (К) 
(C) (I) > (0); (II) > (P); (III) > (T); (IV) > (S) 
(D) (I) > (0); (II) > (S); (III) > (P); (IV) > (R) 
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10. 


10. 


ANSWER KEY 
EXERCISE 1 


(A) 11. (A) 42. (B) 13. (C) 14. 


> 


В 11. С 12. 25 


& 4. С 5. 3 6. 7 7. A, C, D 
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